This study quantified parasitoid occurrence on five lepidopteran caterpillars species that use Caryocar brasiliense as host plant, trying to verify if there was a direct relationship between host abundance and the proportion of parasitism; if leaf shelters served as cues or protection from parasitoids; if host size influenced the proportion of parasitism, and if attacks by Diptera were more frequent than by Hymenoptera. Searches for external folivorous caterpillars were carried out in an area of cerrado sensu stricto, from July/2003 to June/2004. Caterpillars were more parasitized when occurred on mature leaves. Nola sp. (Noctuiidae) had the highest proportion of parasitism and a negative correlation between their body size and parasitoid attack. Caterpillars that constructed shelters suffered lower parasitism than those exposed. Hymenopteran parasitoids were more abundant than Dipteran parasitoids attacking caterpillars on C. brasiliense leaves. In general, parasitoid species richness and the proportion of parasitism in lepidopteran caterpillar on C. brasiliense showed associations with host population density, their life strategy, diet and leaf nutritional quality.
Introduction
General theory of population dynamics of herbivorous insects predicts that their regulation can be reached by host plant structure, diversity, phenology, distribution (bottom-up) and by pressure of natural enemies (predators and parasitoids) (top-down) (Hunter & Price 1992 , Stiling & Rossi 1997 , Stireman & Singer 2003a ). An important issue to understand these interactions is the knowledge of some ecological characteristics of the herbivorous insect population, like their life history, behavior and relationship with their host plants and how these characteristics influence the third trophic level.
Parasitoids are responsible for limiting the populations of herbivorous insects and they exert a strong selective pressure in several host behaviors including foraging (Weseloh 1993) , shelter construction, and utilization of host plant chemistry (Monteiro 1990) . Some parasitoid families use cues from the host plant selected by the herbivorous insects to find them instead of searching directly their prey (Weseloh 1993) , and in many cases this behavior constitutes the main category in the host location process (Vinson 1981) .
The most frequent parasitoids that attack lepidopteran caterpillars are Diptera (mostly Tachinidae) and Hymenoptera (Ichneumonidae, Braconidae and Chalcidoidea) (Weseloh 1993 , Hawkins & Sheehan 1994 . It has been demonstrated that Tachinidae are the main parasitoids attacking caterpillar species in temperate (Sheehan 1994) and in some tropical regions (Gentry & Dyer 2002) . However, in Cerrado some studies have demonstrated that the Hymenoptera are the most frequent parasitoids that attack lepidopteran caterpillars (Morais et al. 1999 , Morais et al. 1996 .
To escape from parasitoids, caterpillar species adopt strategies like coloration, morphology and behaviors that difficult their location ( Gentry & Dyer 2002) . In Cerrado it is possible to observe an " enemy-free space" strategy from lepidopteran species, because their abundance is higher in the early dry season (May), while parasitoid density increases in the early wet season (October) (Morais et al. 1999) .
Leaf-shelter caterpillars are apparent to parasitoids due to their sedentary lifestyle (Hawkins 1994) . Chemical tracks, like silk or feces accumulation, are consistent and static signals, making them easy to locate (Gentry & Dyer 2002) . On the other hand, there are studies showing that shelters act as protection against parasitoids, predators and desiccation, creating a favorable microclimate (Loeffer 1996 , Le Corff et al. 2000 .
Most studies in Cerrado about interactions between host plantsherbivorous insects-parasitoids are from galling insects (e.g. Fagundes et al. 2005) or from biological control in agroecossystems (e.g. Zacarin et al. 2004) . Field studies relating caterpillar seasonality and parasitism occurrence through a variety of scales are necessary to understand the interactions among herbivorous insects and their parasitoids.
This work quantified the parasitoids that emerged from external leaf feeding caterpillar on Caryocar brasiliense Camb (Caryocaraceae), a common plant species on Cerrado biome, and addressed the following hypotheses: 1) there is a direct relationship between host abundance and proportion of parasitism (Barbosa et al. 2001) ; 2) leaf-shelters protect caterpillars from parasitoids (Loeffer 1996) ; 3) host body size influences negatively the proportion of parasitoid attacks in caterpillars (van Driesche et al. 1991) ; and 4) attacks by Diptera are lower than by Hymenoptera in C. brasiliense caterpillars (Morais et al. 1996) .
Material and Methods

Study area
The study was conducted from July 2003 to June 2004 in an area of cerrado sensu stricto in Fazenda Água Limpa (FAL) (15° 55' S and 47° 55' W), at 1100 m of altitude with an average annual precipitation of 1600 mm (varying from 750 to 2000 mm) and an average temperature of 20 °C (varing from 12 to 28 °C) (Ribeiro & Walter 1998) . The climate of this region is classified as Aw according to Köppen, with a wet and hot season from October to April and a dry and cold season from May to September.
Host plant
Caryocar brasiliense Camb (Caryocaraceae) is a typical Cerrado brevedesciduous tree with a foliar life time of about 12 months, occurring in relatively dense groups of trees in this biome (Maia 1999) . Ratter et al. (2003) performed a floristic composition analysis in 376 areas of the Cerrado and Amazon savannah, and C. brasiliense was found in 61% of the areas studied, being one of the 25 most frequent species in these regions.
In Distrito Federal, C. brasiliense reaches 10 m height (Gribel 1986) . The species has tortuous stem ranging from 30 to 40 cm in diameter, thick branches, with opposite trifoliar and hairy leaves (Maia 1999) . According to Gribel (1986) , during the dry season (May to September) this species begins to lose its leaves with simultaneous emission of buttons and flowers.
This species was selected for the study because it is very common in this region and also have a very economic importance. This species is the only of the genera that occurs in Distrito Federal. Another congeneric species, C. cuneatum Wittm, has a different distribution from C. brasiliense, occurring in areas of the cerrado near the Amazon Forest (Ratter et al. 2003) .
Methodology
Thirty trees of C. brasiliense were inspected weekly searching for external folivorous caterpillars. All caterpillars found were collected and their body size was measured with a pachymeter in the laboratory. They were reared in individual plastic cups (500 mL) and labeled with the date of collection. Caterpillars were fed with fresh leaves of C. brasiliense every day, and pots were covered with polyethylene film to avoid drying the leaves. Emergence of adult Lepidoptera and parasitoids was recorded. Date of collection of caterpillar in the field study was considered to be the parasitism date. Dead caterpillars were maintained for seven days in the pots for the possible emergence of any parasitoids. Vitor O. Becker identified the Lepidoptera, and the parasitoids were separated into families and morphospecies of Hymenoptera and Diptera, which were then preserved in 70% alcohol. All individuals were deposited in the Entomological collection of the Zoology Department of the University of Brasilia.
Leaves on which caterpillars were found were classified into three relative age groups: a) new -expanding (small and reddish) and recently expanded (light green and flexible); b) mature -fully expanded rigid with dark green color; and c) old -rigid and brownish.
The four most abundant monophagous Lepidoptera caterpillar species with different strategies of foraging behavior (exposed on leaf surface or shelter building) were selected for this study. The first group included two caterpillar species that live exposed on leaves: Nola sp. (Noctuidae) and Rifargia onerosa Schaus, 1905 ( Notodontidae) . The second group included two species that build shelters: Rhodoneura intermedia (Warren 1908) (Thyrididae) and Phidotricha sp. ( Pyralidae). The diet amplitude of these species was determined from the database of an ongoing research project in the Cerrado vegetation that includes about 100 host plant species monitored during at least a year.
Statistical analysis
To verify if there are differences between the dry and wet seasons in caterpillars and parasitoids abundance; if there are differences in host plant leaf age in caterpillars occurrence and parasitism rate; and, if there are differences in parasitism attacks between exposed and sheltered caterpillars chi-square tests were performed. Spearman's Correlation was used to verify relationship between caterpillar body size and parasitoid occurrence in all four species.
Results
Overall, 1440 plants were examined and 352 caterpillars of the four lepidopteran species were found in C. brasiliense leaves. Caterpillar abundance had a peak on May (early dry season). The lowest abundances were observed on September -October (transition between dry and wet season) and on December -January (middle of wet season). The number of parasitized caterpillars also varied, with a peak on May -June (Figure 1) .
The abundance of the four species was significantly higher during the dry season (c 2 = 70.8959; df = 3; P < 0.0001) ( Table 1) . Parasitoid occurrence showed a similar pattern, being higher during the dry season (c 2 = 4.5013; df = 1; P < 0.05). Nola sp. and R. onerosa occurred mainly during the dry season; R. intermedia presented a 10-month period of occurrence while Phidotricha sp. occurred only during brief intervals (Figure 2) .
A total of 99 caterpillars were parasitized during the study period (Table 1) . Exposed caterpillars occurring on mature an old leaves were more parasitized than sheltered caterpillars (c 2 = 59.6939; df = 1; P < 0.0001 and c 2 = 4.7867; df = 1; P < 0.05). Table 2 shows that caterpillars present on mature leaves was significantly higher than on new and old leaves (c 2 = 31.5516; df = 2; P < 0.0001). There was no difference between exposed and sheltered caterpillars found on old leaves of C. brasiliense (c 2 = 0.6522; df = 1; P > 0.05) Nola sp. was the most abundant species found in C. brasiliense, with 159 caterpillars collected with 52.8% of them parasitized. The other three species had proportions of parasitism smaller than 10% (Table 1) . Only in the case of Nola sp. the results showed a negative correlation between body size and parasitoid attacks ( R Spearman = -0.24753; P < 0.01).
There was a significant difference between parasitoid attack on sheltered (13.1%) and exposed caterpillars (86.9%) (c 2 = 59.0084; df = 1; P < 0.0001). In the two most abundant species on C. brasiliense, Nola sp. and R. intermedia, it was observed that the first was more parasitized than the last during the dry season ( 
Species
Life Strategy Season Parasitized (%) Wet (%) Dry (%) Nola sp. exposed 11 (6.9) 148 (93.1) 84 (52.8) R. intermedia sheltered 59 (47.9) 64 (52.1) 11 (8.9) R. onerosa sheltered 3 (9.4) 29 (90.6) 2 (5.3) Phidotricha sp. exposed 7 (18.4) 31 (81.6) 2 (6.3) P < 0.0001) whereas R. intermedia was more attacked during the wet season (c 2 = 5.2851; df = 1; P < 0.05). Table 3 shows that Hymenoptera (four morphoespecies) were the most abundant and frequent parasitoids, accounting for 92.0% of their occurrence. Braconidae was the family with the two most abundant morphospecies (87). Chalcididae (n = 1) was found only in R. intermedia. One species of Braconidae occurred in all four lepidopteran species. The family Tachinidae (Diptera) was represented by two morphospecies with eight individuals. Among all lepidopteran species, R. intermedia had the highest parasitoid species richness (n = 6), followed by Nola sp. (n = 5).
Discussion
In Cerrado, it is possible that shelters provide protection against parasitoids during the dry season, as shown by the significantly smaller proportion of parasitism found in R. intermedia than in Nola sp. The antiparasitoid function attributed to the shelters is a controversial subject in literature. Some authors show that caterpillars with shelters are more attacked because they produce chemical (Gentry & Dyer 2002) and visual cues (Hawkins 1994 ), but others like Jones et al. (2002) verified experimentally that shelters are important in caterpillar protection against parasitoid attack. Bernays (1997) also showed that exposed caterpillars were most often attacked by parasitoids due to their movement on the leaf while foraging, because movement is more important to some parasitoids than chemical cues.
It is known that there is a strong relationship between host body size and parasitoid occurrence (Stireman & Singer 2003a ). According to Gentry & Dyer (2002) , Hymenoptera are more abundant in smaller caterpillars, and Diptera occurs with larger frequency in host's last instars, or in species with larger body size, like Saturniidae. In this study, only Nola sp. showed a relation between caterpillar size and parasitism. The negative correlation found in this species and the dominance of Hymenoptera parasitoids attacking it (95.2% of caterpillars parasitized) support the hypotheses of Gentry & Dyer (2002) .
Parasitism frequency in lepidopteran caterpillars by Diptera and Hymenoptera varies in different regions and ecosystems. For example, Diptera is the most common kind of parasitoid occurring in temperate regions. Stireman & Singer (2003b) showed that of the 18.4% parasitism attack in G. geneura, 14.7% were by Diptera and 3.7% by Hymenoptera. Sheehan (1994) encountered that 39% of the caterpillars were parasitized by Tachinidae and 17.5% by Hymenoptera. Even in a tropical region of Costa Rica, Janzen (1995) found a similar pattern of Diptera dominancy (7% of the caterpillars were parasitized by Diptera and 3% by Hymenoptera). The parasitoids found on caterpillars from C. brasiliense did not follow the patterns found by these authors; instead, Hymenoptera reached 92.4% of the 99 parasitized caterpillars.
Parasitoid species richness and parasitism proportions in caterpillars on C. brasiliense were related to host population density (abundance) and to their life strategy (living exposed or in shelters). Considering host body size, only for Nola sp. the attacks of parasitism could be associated with earlier instar caterpillars. However, to test if the pattern found in this study can be generalized for Cerrado, further studies must be done involving comparative analyses of parasitism in lepidopteran caterpillars on other host plant species of this biome. 
